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The eye lens membrane component ‘MP34’ [Exp. Eye Res. 24 (1977) 413-4151 has been resolved into 
three protein components and in a revised nomenclature designated MP35, MP36.5 and MP37, respec- 
tively. MP37 has been identified as the enzyme glyceraldehyde 3-phosphate dehydrogenase, which is one 
of the major components of membranes both from cultured hamster lens cells and from HeLa cells. 
Eye lens Glyceraldehyde 3-phosphate dehydrogenase Membrane protein Peptide mapping 
Two-dimensionalgel eIectrophoresis pp6OS’C 
1. INTRODUCTION 
There has been a growing interest in the mor- 
phology and biochemistry of lens fiber cell mem- 
branes [ 1,2]. There are strong indications that these 
plasma membranes interact with at least some of 
the structural ens proteins, the crystallins [3], tila- 
mentous actin [2] and vimentin [4]. However, the 
nature of these interactions has not been eluci- 
dated, being hampered by insufficient knowledge 
of the protein components of lens membranes. 
Lens plasma membranes purified by flotation 
have a relatively simple pattern in which a M, 
26 000 component represents -50% of the total 
protein, while another pronounced ‘component’ is 
found in the Mr 34 000-35 000 region after SDS- 
polyacrylamide gel electrophoresis [5,6]. About the 
same polypeptide pattern is obtained with mem- 
branes, isolated as the urea-insoluble fraction of 
lens homogenates [6,7]. Extraction of this prepara- 
tion by EDTA liberated the Mr 34 000-35 000 
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(EC 1.2.1.12) 
Abbreviations: G3PD, glyceraldehyde 3-phosphate de- 
hydrogenase; EEP, EDTA-extractable protein; UIL, 
ureum-insoluble fraction of lens homogenate 
protein, or EEP (EDTA-extractable protein). Gel 
electrophoresis suggested that EEP consists of two 
components with app. Mr 32 000 and 35 000, 
respectively [7]. 
We wish to report here that the Mr 35 000 com- 
ponent from purified lens membranes consists of 3 
unrelated polypeptides, one of which is identical 
with glyceraldehyde 3-phosphate dehydrogenase. 
One of the other polypeptides is present not only 
in lens fiber membranes, but also, as the major 
component, in the membranes from cultured 
hamster lens epithelial cells [8,9] as well as from 
HeLa cells. 
2. MATERIALS AND METHODS 
Glyceraldehyde 3-phosphate dehydrogenase 
from rabbit muscle was purchased from 
Boehringer (Mannheim) as a crystal suspension, 
spun down and dissolved in SDS containing sam- 
ple buffer [lo]. Bovine lens fiber membranes were 
isolated as in [ 1 l] as interface after discontinuous 
gradient centrifugation with a density of 1.14- 1.18 
g/ml. Membranes from hamster lens epithelial 
cells, transformed by SV40 and grown in suspen- 
sion culture 181, and from HeLa cells were isolated 
as in [12]. Urea-insoluble lens proteins (UIL) and 
EDTA-extractable protein (EEP) were isolated as 
in 171. 
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SDS-polyacrylamide gel electrophoresis in 
slabs 0.7 mm thick was performed as in [lo]. Two- 
dimensional gel electrophoresis after non-equi- 
librium pH-gradient gel electrophoresis (Ampho- 
lines pH 3.5-10 from LKB, Uppsala, 800 V.h) and 
one-dimensional peptide mapping was done as in 
1131 and [14], respectively, with some simplifica- 
tions 1121. Prior to electrophoresis, membrane 
preparations were heated in sample buffer at 60°C 
for 10 min, conditions which did not result in ag- 
gregation of MP26. 
3. RESULTS AND DISCUSSION 
Fig.1 shows gel electrophoretic profiles on thin- 
polyacrylamide slabs of the membrane prepara- 
tions used in this study. In calf lens membranes 
(fig. lB, CL), 3 components of Mr 35 000-37 000 
can be resolved. On the basis of their Mr.-values, 
we designate these components as MP37, MP36.5 
and MP35, respectively, replacing the designation 
‘MP34’ for the broad protein band originally ob- 
served [ 1,5,6,15]. Likewise, two other components 
are designated MP33 and MP32.5, respectively. 
MP37 and MP36.5 migrate as the glycolytic en- 
zyme glyceraldehyde 3-phosphate dehydrogenase 
(tig.lA, G3PD), which is one of the major compo- 
nents (band 6) of erythrocyte membranes [16]. 
MP35 has the same mobility as the major mem- 
brane component from cultured hamster lens cells 
(tig.lC). 
In contrast to the major lens membrane protein, 
MP26, the components in the Mr 30 000-37 000 
range are not degraded as a consequence of stor- 
age of the sample (tig.lD, CL’; cf. 1151). Prepara- 
tions of calf lens membranes as urea-insoluble 
fraction (fig.lE, UIL) yields about the same com- 
ponents as membranes isolated by flotation with 
the notable exception, however, that MP37 is ab- 
sent. Treatment of UIL with EDTA (fig.lF, EEP) 
liberates MP36.5, MP35, MP33, MP32.5 and a 
component designated MP31. Most probably, the 
described M, 35 000 and 32 000 components of 
EEP [7] consist of MP36.5 plus MP35 and MP33, 
MP32.5 plus MP3 1, respectively. 
The Mr 35 000 membrane component of cul- 
tured lens cells (tig.lB and G, HLSV) is also pres- 
ent in HeLa cell membranes (fig.lH). This was 
confirmed by two-dimensional gel electrophoresis 
1121. 
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Fig.1. Gel electrophoretic profiles of: (A, G3PD) 1 p,g 
rabbit muscle glyceraldehyde 3-phosphate dehydroge- 
nase; (B, CL) calf lens membranes purified by flotation, 
35 pg protein; (C, HLSV) membranes from cultured 
hamster lens cells, 16.5 pg protein; (D, CL’) calf lens 
membranes after storage at - 20°C; (E, UIL) calf lens 
membranes isolated as urea-insoluble fraction of lens 
homogenate; (F, EEP) EDTA-extractable proteins from 
UIL; (G, HLSV) as (B, HLSV); (H, HeLa) HeLa cell 
membranes. Lanes (D-F) were from the same slab gel; 
(A-F) proteins separated in 10% (w/v) polyacrylamide 
were stained with Coomassie brilliant blue; (G,H) pro- 
teins labelled in vivo with [WSJmethionine and sepa- 
rated in 7-18% (w/v) polyacrylamide gradient gels were 
detected by autoradiography. MP26 denotes the major 
intrinsic membrane protein from calf lenses; A’ indi- 
cates the position of actin in membranes from cultured 
cells. 
In order to elucidate if MP37, MP36.5, MP35, 
the band 6-protein from erythrocyte membranes 
(glyceraldehyde 3-phosphate dehydrogenase) and 
the Mr 35 000 major membrane component from 
cultured cells are related, these proteins were iso- 
lated by excising gel bands and subjected to partial 
proteolytic cleavage (fig.2). Although the bands of 
MP37 and MP36.5 were cross-contaminated, it is 
clear that there is no apparent relationship be- 
tween the 3 lens membrane proteins. However, 
MP37 has the same cleavage pattern as glyceralde- 
hyde 3-phosphate dehydrogenase (2 major bands; 
the M, 20 000 minor band of G3PD is just detecta- 
ble with MP37), while MP35 is identical to the ma- 
jor membrane protein from cultured cells. 
The identification of MP37 as glyceraldehyde 3- 
phosphate dehydrogenase could be confirmed by 
two-dimensional gel electrophoresis. While after 
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Fig.2. Peptide profiles of membrane proteins after cleav- 
age with Staphylococcus aweus V8 protease. G3PD, rab- 
bit muscle glyceraldehyde 3-phosphate dehydrogenase; 
CL, calf lens membranes; HLSV, membranes from 
cultured hamster lens cells. MP37, MP36.5, MP35, 
membrane proteins with app. M, 37 000, 36 500 and 
35 000, respectively. Peptides were separated by elec- 
trophoresis in 18% (w/v) polyacrylamide and detected 
with Coomassie brilliant blue. Amounts of protease and 
membrane proteins were: 50 ng protease with 5 pg 
G3PD; 50 ng, 50 ng and 10 ng protease with 15 times 
the amounts of CL MP37, -36.5 and -35, respectively, 
used for tig.lB; 10 ng protease with 2.5-times the 
amount of HLSV MP35 used for fig. 1C. 
equilibrium isoelectric focusing in the first direc- 
tion MP37 could not be detected on gel patterns of 
lens membranes (not shown), after non-equi- 
librium focusing (fig3B) one M, 37 000 spot is ob- 
served, which is in the same position as the spot of 
G3PD (fig.3A). During co-electrophoresis (fig.3C), 
G3PD and the lens membrane component co- 
migrate completely. 
Glyceraldehyde 3-phosphate dehydrogenase is 
loosely associated with erythrocyte membranes, 
both in vivo and in vitro [16]. Our results indicate 
that the same is the case in lens fiber membranes. 
The absence of the enzyme from urea-extracted 
lens membranes also indicates a loose association. 
As the functional significance of the membrane as- 
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Fig.3. Two-dimensional gels of: (A) 8 pg glyceraldehyde 
3-phosphate dehydrogenase; (B) calf lens membranes, 
170 pg protein; (C) 170 PLg protein, plus 4 PtLg lyceralde- 
hyde 3-phosphate dehydrogenase. After non-equi- 
librium pH-gradient electrophoresis in the horizontal di- 
rection (origin at the left side), proteins were separated 
by electrophoresis in 13% (w/v) polyacrylamide gels. 
aA2, aB2, /?Bp, A and V denote the corresponding lens 
crystallins, actin and vimentin, respectively. 
sociation of G3PD (near the transmembrane an- 
ion-transport protein) is unknown in the case of 
erythrocytes [ 161, the same holds true for lens fiber 
265 
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membranes. Membranes from other cell types, as 
cultured cells (fig.lG,H) and rat liver cells (not 
shown) do not contain G3PD as a major compo- 
nent. We suggest that the membrane association of 
this glycolytic enzyme may be related to a common 
feature of lens fiber cells and eythrocytes: the 
absence of mitochondria, which makes these cells 
dependent on the glycolysis for their energy pro- 
duction. 
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After finishing this manuscript we became 
aware that Dr Jedziniak (Massachusetts Eye and 
Ear Infirmary Howe Laboratory of Ophthalmol- 
ogy, Boston MA) has found G3PD activity in 
human lens removable from the plasma mem- 
branes by EDTA (personal communication to H.B. 
and report 65 to the ARVO meeting 1982). 
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